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POWER SUPPLY SYSTEM AND VEHICLE
INCLUDING THE SAME, AND METHOD OF
CONTROLLING POWER SUPPLY SYSTEM

This nonprovisional application 1s based on Japanese

Patent Application No. 2008-271209 filed with the Japan
Patent Office on Oct. 21, 2008, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to charge and discharge con-
trol in a power supply system including a plurality of power
storage devices.

2. Description of the Background Art

A hybrid vehicle capable of running using at least one of an
internal combustion engine and a motor that operates upon
receiving electric power from a rechargeable power storage
device, in which the power storage device 1s chargeable by a
power generation device generating electric power by using,
outputs from the internal combustion engine, has been
known. Among such hybrid vehicles, a vehicle that can run by
switching between a running mode i which the vehicle
mainly runs only with a motor by using electric power stored
in the power storage device for running without maintaining
the same (referred to as a “CD (Charge Depleting) mode,” an
“EV (Electric Vehicle) mode™ or the like, and hereinafter
referred to as the “CD mode™) and a running mode 1n which
the vehicle runs while maintaining electric power stored in
the power storage device at a prescribed target (referred to as
a “CS (Charge Sustaining) mode,” an “HV (Hybrid Vehicle)
mode” or the like, and hereinafter referred to as the “CS
mode””) has also been known.

Regarding a power supply system mounted on such a
hybrid vehicle, Japanese Patent Laying-Open No. 2008-
109840 discloses a power supply system including a plurality
of power storage devices. In this power supply system, a
remaining electric power amount down to SOC at which
allowable discharge electric power that can be output from the
power storage device 1s to be restricted 1s calculated for each
power storage device, and a discharge allocation ratio of the
power storage device 1s calculated 1n accordance with a ratio
of the remaining electric power amount. In addition, a charge
acceptable amount up to SOC at which acceptable charge
clectric power that can be mnput to the power storage device 1s
to be restricted 1s calculated for each power storage device,
and a charge allocation ratio of the power storage device 1s
calculated in accordance with a ratio of the charge acceptable
amount. When electric power 1s supplied from the power
supply system to a drive force generation portion, each con-
verter 1s controlled 1n accordance with the discharge alloca-
tion ratio, and when electric power 1s supplied from the drive
force generation portion to the power supply system, each
converter 1s controlled 1 accordance with the charge alloca-
tion ratio.

According to this power supply system, even when charge
and discharge characteristics of a plurality of power storage
devices are different among them, performance of the system
can be exhibited to its maximum.

As a method of managing electric power 1s different
between a case where a running mode 1s set to the CD mode
and a case where a running mode 1s set to the CS mode as
described above, it 1s necessary to achieve approprate elec-
tric power allocation 1n accordance with the running mode. IT
this electric power allocation i1s 1nappropriate, any power
storage device among the plurality of power storage devices
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2

reaches discharge limit or charge limit earlier than other
power storage devices and thereafter maximum discharge

characteristics or charge characteristics as the whole power

supply system cannot be obtained. Japanese Patent Laying-
Open No. 2008-109840 above does not particularly address

specific electric power allocation 1n accordance with the run-
ning mode (CD mode/CS mode).

SUMMARY OF THE INVENTION

Therelfore, an object of the present invention 1s to achueve
appropriate electric power allocation in accordance with a
running mode 1n a power supply system including a plurality
of power storage devices, that 1s mounted on a vehicle capable
of running while switching between the CD mode and the CS
mode.

According to the present invention, a power supply system
1s a power supply system mounted on a vehicle capable of
running while switching between a {irst running mode (CD
mode) of running using electric power stored for runmng
without maintaiming the electric power and a second running
mode (CS mode) of running while maintaining the electric
power at a prescribed target, and the power supply system
includes a power line, first and second converters, a first
rechargeable power storage device, a plurality of second
rechargeable power storage devices, a switching device, and
a control device. The power line 1s provided for supplying and
receiving electric power between a drive force generation
portion for generating drive force for runming upon receiving
clectric power from the power supply system and the power
supply system. The first and second converters are connected
in parallel to the power line. The first power storage device 1s
connected to the first converter. The switching device 1s pro-
vided between the plurality of second power storage devices
and the second converter and configured to connect any of the
plurality of second power storage devices to the second con-
verter 1n accordance with a provided instruction. The control
device controls the first and second converters and the switch-
ing device. Here, the control device includes a switching
control unit, first and second electric power allocation ratio
calculation units, and a converter control unit. When a state
quantity (SOC) indicating a charged state of the second power
storage device connected to the second converter 1s lower
than a predetermined value, the switching control unit gener-
ates the instruction for sequentially switching for use the
plurality of second power storage devices such that a remain-
ing second power storage device, ol which state quantity 1s
not lower than the predetermined value, 1s connected to the
second converter, and outputs the instruction to the switching
device. The first electric power allocation ratio calculation
unit calculates, based on a remaining electric power amount
of each of the first power storage device and the plurality of
second power storage devices, a first electric power allocation
ratio indicating a ratio of allocation of charge and discharge
clectric power between the first power storage device and the
second power storage device connected to the second con-
verter by means of the switching device, that 1s to be used
during the first running mode (CD mode). The second electric
power allocation ratio calculation unit calculates, based on a
difference between the state quantity in each of the first power
storage device and the second power storage device con-
nected to the second converter by means of the switching
device and a target value thereol, a second electric power
allocation ratio indicating a ratio of allocation of charge and
discharge electric power between the first power storage
device and the second power storage device connected to the
second converter, to be used during the second running mode
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(CS mode). The converter control unit controls the first and
second converters 1n accordance with the first electric power
allocation ratio during the first running mode and controls the
first and second converters 1n accordance with the second
clectric power allocation ratio during the second running
mode.

Preferably, the target value of the first power storage device
1s set to the state quantity of the first power storage device
attained when transition from the first running mode to the
second runmng mode 1s made. The target value of the second
power storage device connected to the second converter by
means ol the switching device is set to the state quantity of the
second power storage device attained when transition from
the first running mode to the second running mode 1s made.

Preferably, when a first value obtained by subtracting the
target value of the state quantity of the first power storage
device from the state quantity has a positive value and a
second value obtained by subtracting the target value of the
state quantity of the second power storage device connected
to the second converter by means of the switching device
from the state quantity has a positive value, the second elec-
tric power allocation ratio calculation unit calculates the sec-
ond electric power allocation ratio such that the first power
storage device and the second power storage device con-
nected to the second converter discharge 1n accordance with a
ratio between the first value and the second value when elec-
tric power 1s supplied from the power supply system to the
drive force generation portion, and calculates the second elec-
tric power allocation ratio such that the first power storage
device and the second power storage device connected to the
second converter are charged 1n accordance with an 1mverse
ratio between the first value and the second value when elec-
tric power 1s supplied from the drive force generation portion
to the power supply system.

Alternatively, preferably, when a first value obtained by
subtracting the target value of the state quantity of the first
power storage device from the state quantity has a negative
value and a second value obtained by subtracting the target
value of the state quantity of the second power storage device
connected to the second converter by means of the switching
device from the state quantity has a negative value, the second
clectric power allocation ratio calculation unit calculates the
second electric power allocation ratio such that the first power
storage device and the second power storage device con-
nected to the second converter are charged 1n accordance with
a ratio between the first value and the second value when
clectric power 1s supplied from the drive force generation
portion to the power supply system, and calculates the second
clectric power allocation ratio such that the first power stor-
age device and the second power storage device connected to
the second converter discharge 1n accordance with an 1nverse
rat1o between the first value and the second value when elec-
tric power 1s supplied from the power supply system to the
drive force generation portion.

Alternatively, preferably, when a value obtained by sub-
tracting the target value of the state quantity of the first power
storage device from the state quantity has a positive value and
a value obtained by subtracting the target value of the state
quantity of the second power storage device connected to the
second converter by means of the switching device from the
state quantity has a negative value, the second electric power
allocation ratio calculation unit calculates the second electric
power allocation ratio such that the first power storage device
alone discharges when electric power 1s supplied from the
power supply system to the drive force generation portion,
and calculates the second electric power allocation ratio such
that the second power storage device alone connected to the
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4

second converter 1s charged when electric power 1s supplied
from the drive force generation portion to the power supply
system.

Alternatively, preferably, when a value obtained by sub-
tracting the target value of the state quantity of the first power
storage device from the state quantity has a negative value and
a value obtained by subtracting the target value of the state
quantity of the second power storage device connected to the
second converter by means of the switching device from the
state quantity has a positive value, the second electric power
allocation ratio calculation unit calculates the second electric
power allocation ratio such that the second power storage
device alone connected to the second converter discharges
when electric power 1s supplied from the power supply sys-
tem to the drive force generation portion, and calculates the
second electric power allocation ratio such that the first power
storage device alone 1s charged when electric power 1s sup-
plied from the drive force generation portion to the power
supply system.

Preferably, the converter control unit includes first and
second control units. The first control unit controls the first
converter such that a voltage on the power line 1s adjusted to
a prescribed target voltage. The second control unit controls
the second converter such that charge and discharge of the
second power storage device connected to the second con-
verter 1s adjusted to a prescribed target amount.

Preferably, the switching device includes a plurality of
relays. The plurality of relays are connected between respec-
tive ones of the plurality of second power storage devices and
the second converter.

Preferably, the power supply system further includes a
charger. The charger 1s provided for charging the first power
storage device and the plurality of second power storage
devices upon recerving electric power from a power supply
outside the vehicle.

In addition, according to the present invention, a vehicle
includes any power supply system described above and a
drive force generation portion for generating drive force of
the vehicle upon receiving electric power from the power
supply system.

In addition, according to the present invention, a method of
controlling a power supply system 1s a method of controlling
a power supply system mounted on a vehicle capable of
running while switching between a first running mode (CD
mode) of running using electric power stored for runmng
without maintaiming the electric power and a second runming
mode (CS mode) of running while maintaining the electric
power at a prescribed target. The power supply system
includes a power line, first and second converters, a {first
rechargeable power storage device, a plurality of second
rechargeable power storage devices, and a switching device.
The power line 1s provided for supplying and receiving elec-
tric power between a drive force generation portion for gen-
erating drive force for running upon receiving electric power
from the power supply system and the power supply system.
The first and second converters are connected in parallel to the
power line. The first power storage device 1s connected to the
first converter. The switching device 1s provided between the
plurality of second power storage devices and the second
converter and configured to connect any of the plurality of
second power storage devices to the second converter in
accordance with a provided instruction. The control method
includes the steps of: controlling the switching device such
that, when a state quantity (SOC) indicating a charged state of
the second power storage device connected to the second
converter 1s lower than a predetermined value, a remaining
second power storage device of which state quantity 1s not
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lower than the predetermined value 1s connected to the second
converter; calculating, based on a remaining electric power
amount of each of the first power storage device and the
plurality of second power storage devices, a first electric

power allocation ratio indicating a ratio of allocation of 5

charge and discharge electric power between the first power
storage device and the second power storage device con-
nected to the second converter by means of the switching
device, that 1s to be used during the first running mode (CD
mode); calculating, based on a difference between the state
quantity 1 each of the first power storage device and the
second power storage device connected to the second con-
verter by means of the switching device and a target value
thereot, a second electric power allocation ratio indicating a
ratio of allocation of charge and discharge electric power
between the first power storage device and the second power
storage device connected to the second converter, to be used
during the second running mode (CS mode); and controlling
the first and second converters 1n accordance with the first
clectric power allocation ratio during the first running mode
and controlling the first and second converters in accordance
with the second electric power allocation ratio during the
second running mode.

Preferably, the target value of the first power storage device
1s set to the state quantity of the first power storage device
attained when transition from the first running mode to the
second running mode 1s made. The target value of the second
power storage device connected to the second converter by
means of the switching device is set to the state quantity of the
second power storage device attained when transition from
the first running mode to the second runming mode 1s made.

Preferably, in the step of calculating a second electric
power allocation ratio, when a {first value obtained by sub-
tracting the target value of the state quantity of the first power
storage device from the state quantity has a positive value and
a second value obtained by subtracting the target value of the
state quantity of the second power storage device connected
to the second converter by means of the switching device
from the state quantity has a positive value, the second elec-
tric power allocation ratio 1s calculated such that the first
power storage device and the second power storage device
connected to the second converter discharge in accordance
with a ratio between the first value and the second value when
clectric power 1s supplied from the power supply system to
the drive force generation portion, and the second electric
power allocation ratio 1s calculated such that the first power
storage device and the second power storage device con-
nected to the second converter are charged 1n accordance with
an mverse ratio between the first value and the second value
when electric power 1s supplied from the drive force genera-
tion portion to the power supply system.

Alternatively, preferably, in the step of calculating a second
clectric power allocation ratio, when a first value obtained by
subtracting the target value of the state quantity of the first
power storage device from the state quantity has a negative
value and a second value obtained by subtracting the target
value of the state quantity of the second power storage device
connected to the second converter by means of the switching
device from the state quantity has a negative value, the second
clectric power allocation ratio 1s calculated such that the first
power storage device and the second power storage device
connected to the second converter are charged 1n accordance
with a ratio between the first value and the second value when
clectric power 1s supplied from the drive force generation
portion to the power supply system, and the second electric
power allocation ratio 1s calculated such that the first power
storage device and the second power storage device con-
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nected to the second converter discharge 1n accordance with
an iverse ratio between the first value and the second value
when electric power 1s supplied from the power supply sys-
tem to the drive force generation portion.

Alternatively, preferably, in the step of calculating a second
clectric power allocation ratio, when a value obtained by
subtracting the target value of the state quantity of the first
power storage device from the state quantity has a positive
value and a value obtained by subtracting the target value of
the state quantity of the second power storage device con-
nected to the second converter by means of the switching
device from the state quantity has a negative value, the second
clectric power allocation ratio 1s calculated such that the first
power storage device alone discharges when electric power 1s
supplied from the power supply system to the drive force
generation portion, and the second electric power allocation
ratio 1s calculated such that the second power storage device
alone connected to the second converter 1s charged when
clectric power 1s supplied from the drive force generation
portion to the power supply system.

Alternatively, preferably, in the step of calculating a second
clectric power allocation ratio, when a value obtained by
subtracting the target value of the state quantity of the first
power storage device from the state quantity has a negative
value and a value obtained by subtracting the target value of
the state quantity of the second power storage device con-
nected to the second converter by means of the switching
device from the state quantity has a positive value, the second
clectric power allocation ratio 1s calculated such that the
second power storage device alone connected to the second
converter discharges when electric power 1s supplied from the
power supply system to the drive force generation portion,
and the second electric power allocation ratio 1s calculated
such that the first power storage device alone 1s charged when
clectric power 1s supplied from the drive force generation
portion to the power supply system.

Preferably, in the step of controlling the first and second
converters, the first converter 1s controlled such that a voltage
on the power line 1s adjusted to a prescribed target voltage,
and the second converter 1s controlled such that charge and
discharge of the second power storage device connected to the
second converter 1s adjusted to a prescribed target amount.

According to the present invention, when the state quantity
(SOC) of the second power storage device connected to the
second converter 1s lower than the predetermined value, the
remaining second power storage device of which state quan-
tity 1s not lower than the predetermined value 1s connected to
the second converter, and the plurality of second power stor-
age devices are sequentially switched for use. During the first
running mode (CD mode), the first electric power allocation
ratio 1s calculated based on the remaining electric power
amount of each of the first power storage device and the
plurality of second power storage devices, and the first and
second converters are controlled 1n accordance with the cal-
culated first electric power allocation ratio. Thus, a case
where any of the first power storage device and the plurality of
second power storage devices sequentially switched for use
reaches the discharge limit earlier than the other can be sup-
pressed. Here, during the second running mode (CS mode),
the second electric power allocation ratio 1s calculated based
on the difference (deviation amount) between the state quan-
tity 1n each of the first power storage device and the second
power storage device connected to the second converter by
means of the switching device and the target value thereof,
and the first and second converters are controlled 1n accor-
dance with the calculated second electric power allocation
ratio. Thus, the state quantity (SOC) during the second run-
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ning mode 1s maintained, and a case where any of the first
power storage device and the plurality of second power stor-
age devices sequentially switched for use reaches the dis-
charge limit earlier than the other can be suppressed also after
returning from the second running mode to the first runming,
mode.

Theretfore, according to the present invention, capability of
a power supply system mounted on a vehicle capable of
running while switching between running modes (CD mode/
CS mode) can be exhibited to its maximum.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s an overall block diagram of a vehicle incorporat-
ing a power supply system according to an embodiment of the
present invention.

FIG. 2 1s a schematic configuration diagram of first and
second converters shown i FIG. 1.

FIG. 3 1s a diagram for illustrating allowable discharge
clectric power and acceptable charge electric power of a
power storage device shown 1n FIG. 1.

FI1G. 4 1s a diagram for 1llustrating a concept of a method of
using each power storage device.

FIG. 5 1s a functional block diagram of a converter ECU
shown 1n FIG. 1.

FIG. 6 1s a diagram for illustrating a method of calculation
of an electric power allocation ratio (during discharge) by a
CD mode electric power allocation ratio calculation unit
shown 1n FIG. 5.

FI1G. 7 1s a diagram for illustrating a method of calculation
of an electric power allocation ratio (during charge) by the CD
mode electric power allocation ratio calculation unit shown in
FIG. 5.

FIG. 8 1s a first diagram for 1llustrating a method of calcu-
lation of an electric power allocation ratio by a CS mode
clectric power allocation ratio calculation unit shown 1n FIG.
5.

FIG. 9 1s a second diagram for illustrating a method of
calculation of an electric power allocation ratio by the CS
mode electric power allocation ratio calculation unit shown in
FIG. 5.

FIG. 10 1s a third diagram for illustrating a method of
calculation of an electric power allocation ratio by the CS
mode electric power allocation ratio calculation unit shown in
FIG. 5.

FIG. 11 1s a fourth diagram for illustrating a method of
calculation of an electric power allocation ratio by the CS
mode electric power allocation ratio calculation unit shown in
FIG. 5.

FIG. 12 1s a detailed functional block diagram of a drive
signal generation unit shown in FIG. 5.

FI1G. 13 1s a tlowchart for illustrating a control structure of
the converter ECU shown 1n FIG. 1.

FI1G. 14 1s a flowchart for illustrating a structure of a sub

routine for controlling CD mode electric power allocation
shown 1n FIG. 13.
FI1G. 15 1s a flowchart for illustrating a structure of a sub

routine for controlling CS mode electric power allocation
shown 1n FIG. 13.

DESCRIPTION OF THE PR
EMBODIMENTS

vy
=y

ERRED

An embodiment of the present invention will be described
heremnafter in detail with reference to the drawings. In the
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drawings, the same or corresponding elements have the same
reference characters allotted, and description thereof will not
be repeated.

FIG. 1 1s an overall block diagram of a vehicle incorporat-
ing a power supply system according to an embodiment of the
present invention. Referring to FIG. 1, a vehicle 100 includes
a power supply system 1 and a drive force generation portion
2. Drive force generation portion 2 includes a first inverter
30-1, a second 1nverter 30-2, a first MG (Motor-Generator)
32-1, a second MG 32-2, a power split device 34, an engine
36, a driving wheel 38, and an MG-ECU (Electronic Control
Unit) 40.

First MG 32-1, second MG 32-2, and engine 36 are coupled
to power splitdevice 34. Vehicle 100 runs by using drive force
from at least one of engine 36 and second MG 32-2. Motive
power generated by engine 36 1s split into two paths by power
split device 34. Namely, one 1s a path for transmission to

driving wheel 38, and the other i1s a path for transmission to
first MG 32-1.

Each of first MG 32-1 and second MG 32-2 1s an AC
rotating electric machine, and it 1s implemented, for example,
by a three-phase AC rotating electric machine including a
rotor having a permanent magnet embedded. First MG 32-1
generates electric power by using motive power from engine
36 split by power split device 34. For example, when SOC of
the power storage device (which will be described later)
included 1in power supply system 1 becomes lower, engine 36
1s started, electric power 1s generated by first MG 32-1, and
the generated electric power 1s supplied to power supply
system 1.

Second MG 32-2 generates drive force by using at least one
of electric power supplied from power supply system 1 and
clectric power generated by first MG 32-1. The drive force of
second MG 32-2 1s transmitted to driving wheel 38. During
braking or the like of the vehicle, second MG 32-2 1s driven by
driving wheel 38, so that second MG 32-2 operates as a power
generator. Thus, second MG 32-2 operates as a regenerative
brake converting braking energy to electric power. Electric
power generated by second MG 32-2 1s supplied to power
supply system 1.

Power split device 34 1s constituted of a planetary gear
111c1ud111g a sun gear, a pinion gear, a carrier, and a rlng gear.
The plIllOIl gear 1s engaged with the sun gear and the ring gear.
The carrer rotatably supports the pinion gear and 1t 1s coupled
to a crankshait of engine 36. The sun gear 1s coupled to a
rotation shait of first MG 32-1. The ring gear 1s coupled to a
rotation shaft of second MG 32-2.

First inverter 30-1 and second inverter 30-2 are connected
to a main positive bus MPL and a main negative bus MNL.
First mverter 30-1 and second inverter 30-2 convert drive
clectric power (DC power) supplied from power supply sys-
tem 1 to AC power and output the AC power to first MG 32-1
and second MG 32-2, respectively. In addition, first inverter
30-1 and second mverter 30-2 convert AC power generated by
first MG 32-1 and second MG 32-2 into DC power and output
the DC power to power supply system 1 as regenerative
POWE.

Each of first mnverter 30-1 and second inverter 30-2 1s
implemented, for example, by a bridge circuit including
switching elements of three phases. Each inverter drives a
corresponding MG by performing a switching operation 1n
response to a drive signal from MG-ECU 40.

MG-ECU 40 calculates vehicle request power Ps based on
a detection signal from each not-shown sensor, a running
state, an accelerator position, and the like, and calculates a
torque target value and a speed target value of first MG 32-1
and second MG 32-2 based on calculated vehicle request
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power Ps. In addition, MG-ECU 40 controls first inverter 30-1
and second 1nverter 30-2 such that generated torque and the
speed of first MG 32-1 and second MG 32-2 attain to the
target values. Moreover, MG-ECU 40 outputs calculated
vehicle request power Ps to a converter ECU 22 (which will
be described later) of power supply system 1. When vehicle
request power Ps has a positive value, electric power 1s sup-
plied from power supply system 1 to drive force generation
portion 2, and when vehicle request power Ps has a negative
value, regenerative power 1s supplied from drive force gen-
eration portion 2 to power supply system 1.

Meanwhile, power supply system 1 includes a first power
storage device 10-1, a second power storage device 10-2, a
third power storage device 10-3, a first converter 12-1, a
second converter 12-2, a switching device 18, main positive
bus MPL, main negative bus MNL, and a smoothing capacitor
C. In addition, power supply system 1 further includes con-
verter ECU 22, a CD cancel switch 24, current sensors 14-1 to
14-3, and voltage sensors 16-1 to 16-3 and 20. Moreover,
power supply system 1 further includes a charger 26 and a
vehicle mlet 27.

Each of first power storage device 10-1, second power
storage device 10-2, and third power storage device 10-3 1s a
rechargeable DC power supply, and 1t 1s implemented, for
example, by a secondary battery such as a nickel hydride
battery or a lithium 10n battery, a large-capacity capacitor, or
the like. First power storage device 10-1 1s connected to first
converter 12-1, and second power storage device 10-2 and
third power storage device 10-3 are connected to switching
device 18.

Switching device 18 1s provided between second and third
power storage devices 10-2 and 10-3 and second converter
12-2, and it electrically connects any of second power storage
device 10-2 and third power storage device 10-3 to second
converter 12-2 1n accordance with a switching signal SW
from converter ECU 22. Specifically, switching device 18
includes system relays RY1 and RY2. System relay RY1 1s
disposed between second power storage device 10-2 and sec-
ond converter 12-2. System relay RY2 1s disposed between
third power storage device 10-3 and second converter 12-2.
For example, when switching signal SW 1s mactivated, sys-
tem relays RY1 and RY?2 are turned on and off respectively,
and second power storage device 10-2 1s electrically con-
nected to second converter 12-2. When switching signal SW
1s activated, system relays RY1 and RY 2 are turned oif and on
respectively, and third power storage device 10-3 1s electri-
cally connected to second converter 12-2. First converter 12-1
and second converter 12-2 are connected 1n parallel to main
positive bus MPL and main negative bus MNL. First con-
verter 12-1 converts a voltage between first power storage
device 10-1 and main positive bus MPL, main negative bus
MNL, based on a drive signal PWC1 from converter ECU 22.
Second converter 12-2 converts a voltage between any of
second power storage device 10-2 and third power storage
device 10-3 electrically connected to second converter 12-2
by means of switching device 18 and main positive bus MPL,
main negative bus MNL, based on a drive signal PWC2 from
converter ECU 22.

Smoothing capacitor C 1s connected between main positive
bus MPL and main negative bus MNL, and lowers an electric
power fluctuation component included in main positive bus
MPL and main negative bus MNL. Voltage sensor 20 detects
a voltage Vh across main positive bus MPL and main negative
bus MNL and outputs the detected value to converter ECU 22.

Current sensors 14-1 to 14-3 detect a current Ib1 input and
output from/to first power storage device 10-1, a current Ib2
input and output from/to second power storage device 10-2,
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and a current Ib3 mput and output from/to third power storage
device 10-3, respectively, and output the detected values to
converter ECU 22. Each of current sensors 14-1 to 14-3
detects a current output from a corresponding power storage
device (discharge current) as a positive value and detects a
current input to a corresponding power storage device (charg-
ing current) as a negative value. Though FIG. 1 shows an
example where each of current sensors 14-1 to 14-3 detects a
current through a positive electrode line, each of current
sensors 14-1 to 14-3 may detect a current through a negative
clectrode line.

Voltage sensors 16-1 to 16-3 detect a voltage Vb1 of first
power storage device 10-1, a voltage Vb2 of second power
storage device 10-2, and a voltage Vb3 of third power storage
device 10-3, respectively, and output the detected values to
converter ECU 22.

Converter ECU 22 generates switching signal SW for
sequentially switching for use between second power storage
device 10-2 and third power storage device 10-3 connected to
switching device 18 and outputs the signal to switching
device 18. For example, when SOC of second power storage
device 10-2 becomes lower than a predetermined value while
second power storage device 10-2 1s connected to second
converter 12-2 by means of switching device 18, converter
ECU 22 generates switching signal SW to turn off system
relay RY1 1n the ON state and turn on system relay RY 2 in the
OFF state.

In addition, converter ECU 22 generates drive signals
PWC1 and PWC2 for driving first converter 12-1 and second
converter 12-2 respectively, based on detection values from
current sensors 14-1 to 14-3 and voltage sensors 16-1 to 16-3
and 20 as well as vehicle request power Ps from MG-ECU 40.
Converter ECU 22 outputs generated drive signals PWC1 and
PWC2 to first converter 12-1 and second converter 12-2,
respectively, and controls first converter 12-1 and second
converter 12-2.

Moreover, converter ECU 22 controls the running mode.
Specifically, when each power storage device 1s charged by
charger 26 as will be described later, converter ECU 22 sets,
as the default runming mode, the CD mode 1n which the
vehicle runs by using electric power stored in each power
storage device without maintaining that electric power. When
a driver turns on CD cancel switch 24, the running mode 1s
switched to the CS mode 1n which the vehicle runs while
maintaining electric power stored in each power storage
device. If SOC of each power storage device attains to a
prescribed lower limit value, converter ECU 22 switches the
running mode from the CD mode to the CS mode, even
though CD cancel switch 24 1s not turned on.

During the CD mode, unless large vehicle request power Ps
1s requested, engine 36 1s stopped and the vehicle runs only
with second MG 32-2, and hence electric power stored 1n each
power storage device decreases. On the other hand, during the
CS mode, engine 36 operates as appropriate and electric
power 1s generated by first MG 32-1, and hence electric power
stored 1n each power storage device 1s maintained at a pre-
scribed target.

In addition, converter ECU 22 calculates an electric power
allocation ratio indicating a ratio of allocation of charge and
discharge electric power between first power storage device
10-1 and the power storage device electrically connected to
second converter 12-2 by means of switching device 18. Here,
converter ECU 22 separately calculates the electric power
allocation ratio to be used during the CD mode and the elec-
tric power allocation ratio to be used during the CS mode, and
switches between the electric power allocation ratios 1n
accordance with the running mode.
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Specifically, with regard to the electric power allocation
ratio to be used during the CD mode, converter ECU 22
calculates the electric power allocation ratio between {irst
power storage device 10-1 and the power storage device elec-
trically connected to second converter 12-2 by means of
switching device 18, based on a remaining electric power
amount of each power storage device. More specifically,
when electric power 1s supplied from power supply system 1
to drive force generation portion 2 (that 1s, vehicle request
power Ps>0), converter ECU 22 calculates the discharge allo-
cation ratio between {irst power storage device 10-1 and the
power storage device electrically connected to second con-
verter 12-2 1n accordance with a ratio between an available
discharge electric power amount of first power storage device
10-1 connected to first converter 12-1 and the sum of available
discharge electric power amounts of second power storage
device 10-2 and third power storage device 10-3 that can be
connected to second converter 12-2 by means of switching
device 18. On the other hand, when electric power 1s supplied
from drive force generation portion 2 to power supply system
1 (that 1s, vehicle request power Ps<0), converter ECU 22
calculates the charge allocation ratio between first power
storage device 10-1 and the power storage device connected
to second converter 12-2 1n accordance with a ratio between
the acceptable charge electric power amount of first power
storage device 10-1 and the acceptable charge electric power
amount of the power storage device electrically connected to
second converter 12-2 by means of switching device 18.

Meanwhile, with regard to the electric power allocation
ratio to be used during the CS mode, converter ECU 22
calculates the electric power allocation ratio between {first
power storage device 10-1 and the power storage device elec-
trically connected to second converter 12-2 such that SOC of
first power storage device 10-1 and SOC of the power storage
device electrically connected to second converter 12-2 by
means of switching device 18 are maintained at a prescribed
target. More specifically, converter ECU 22 calculates the
clectric power allocation ratio between first power storage
device 10-1 and the power storage device electrically con-
nected to second converter 12-2 based on a difference (devia-
tion amount) between SOC of each of first power storage
device 10-1 and the power storage device electrically con-
nected to second converter 12-2 by means of switching device
18 and a target value thereol. It 1s noted that the prescribed
SOC target above 1s set, for example, to SOC at the time when
CD cancel switch 24 1s turned on and transition from the CD
mode to the CS mode 1s made.

Converter ECU 22 controls first converter 12-1 such that
voltage Vh 1s adjusted to a prescribed target voltage and
controls second converter 12-2 such that charge and discharge
of the power storage device electrically connected to second
converter 12-2 by means of switching device 18 1s adjusted to
a prescribed target amount. It 1s noted that first converter 12-1
1s hereinafter also referred to as a “master converter”, and
second converter 12-2 1s also referred to as a “slave con-
verter”.

CD cancel switch 24 1s a switch for the driver to switch the
running mode from the CD mode, which 1s the default setting,
to the CS mode. CD cancel switch 24 1s valid, for example,
under the condition as follows. Specifically, when SOC of
cach power storage device becomes lower, the running mode
1s set to the CS mode i which engine 36 frequently or con-
tinuously operates. Then, 11 there 1s subsequently a section
where the driver desires to drive in the CD mode (for example,
around a driver’s house on his/her way home), charged elec-
tric power can be maintained by turming on CD cancel switch
24, and when the vehicle reaches the section where the driver
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desires to drive 1n the CD mode, the driver can run the desired
section 1n the CD mode by turning off CD cancel switch 24.

Charger 26 1s equipment for charging each power storage
device from a power supply 28 outside the vehicle (hereinat-
ter also referred to as an “external power supply”). Charger 26
1s connected, for example, between second converter 12-2
and switching device 18, and 1t converts electric power 1mput
from vehicle ilet 27 to direct current and outputs 1t to a power
line between second converter 12-2 and switching device 18.

When first power storage device 10-1 1s charged by charger
26, first and second converters 12-1 and 12-2 are driven as
appropriate, so that charge electric power 1s supplied succes-
stvely from charger 26 through second converter 12-2, main
positive bus MPL and main negative bus MNL, and first
converter 12-1 to first power storage device 10-1. Alterna-
tively, when second power storage device 10-2 1s charged by
charger 26, relay RY 1 1s turned on and charge electric power
1s supplied from charger 26 to second power storage device
10-2. When third power storage device 10-3 1s charged by
charger 26, relay RY 2 1s turned on and charge electric power
1s supplied from charger 26 to third power storage device
10-3.

FIG. 2 1s a schematic configuration diagram of first and
second converters 12-1 and 12-2 shown 1n FIG. 1. As the
converters are common 1n the configuration and the opera-
tion, the configuration and the operation of first converter
12-1 will be described hereinafter. Referring to FI1G. 2, first
converter 12-1 includes a chopper circuit 42-1, a positive bus
LLN1A, a negative bus LN1C, a line LN1B, and a smoothing
capacitor C1. Chopper circuit 42-1 includes switching ele-
ments Q1A and Q1B, diodes D1A and D1B, and an inductor
L1.

Positive bus LN1A has one end connected to a collector of
switching element Q1B and the other end connected to main
positive bus MPL. Negative bus LN1C has one end connected
to a negative electrode line NLL1 and the other end connected
to main negative bus MNL.

Switching elements Q1A and Q1B are connected in series
between negative bus LN1C and positive bus LN1A. Specifi-
cally, an emitter of switching element Q1A 1s connected to
negative bus LN1C, and the collector of switching element
Q1B 1s connected to positive bus LN1A. Diodes D1A and
D1B are connected in anti-parallel to switching elements
Q1A and QI1B, respectively. Inductor L1 1s connected
between a connection node of switching elements Q1A and
Q1B and line LN1B.

Line LN1B has one end connected to a positive electrode
line PL1 and the other end connected to inductor 1. Smooth-
ing capacitor C1 1s connected between line LN1B and nega-
tive bus LN1C, and reduces an AC component included 1n a
DC voltage across line LN1B and negative bus LN1C.

Chopper circuit 42-1 carries out DC voltage conversion in
both directions between first power storage device 10-1 (FIG.
1) and main positive bus MPL, main negative bus MNL, 1n
response to drive signal PWC1 from converter ECU 22 (FIG.
1). Drive signal PWCI1 includes a drive signal PWCI1A for
controlling ON/OFF of switching element Q1A constituting a
lower arm element and a drive signal PWC1B for controlling
ON/OFF of switching element Q1B constituting an upper
arm e¢lement. Converter ECU 22 controls a duty ratio (a ratio
between an ON period and an OFF period) of switching
clements Q1A and Q1B 1n a certain duty cycle (the sum of the
ON period and the OFF period).

When switching elements Q1A and Q1B are controlled to
increase on-duty of switching element Q1A (as switching
clements Q1A and Q1B are controlled to turn on and off 1n a
complementary manner except for a dead time, on-duty of
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switching element Q1B decreases), an amount of a pump
current that flows from first power storage device 10-1 to
inductor L1 increases and electromagnetic energy accumu-
lated 1 1inductor L1 increases. Consequently, at the timing of
transition from the ON state to the OFF state of switching
clement Q1 A, an amount of current emitted from inductor .1
through diode D1B to main positive bus MPL increases and
the voltage of main positive bus MPL 1s raised.

On the other hand, when switching elements Q1A and Q1B
are controlled to increase on-duty of switching element Q1B
(on-duty of switching element Q1A decreases), an amount of
a current that flows from main positive bus MPL through
switching element Q1B and inductor L1 to power storage
device 10-1 increases, and hence the voltage of main positive
bus MPL 1s lowered.

By thus controlling the duty ratio of switching elements
Q1A and Q1B, the voltage of main positive bus MPL can be
controlled and a direction of a current (electric power) and an
amount of the current (the amount of electric power) that
flows between first power storage device 10-1 and main posi-
tive bus MPL can be controlled.

FIG. 3 1s a diagram {for illustrating allowable discharge
clectric power and acceptable charge electric power of the
power storage device shown in FIG. 1. Though first power
storage device 10-1 and second power storage device 10-2 are
shown 1n FIG. 3, third power storage device 10-3 should also
be understood similarly.

Referring to FIG. 3, allowable discharge electric power
Woutl indicates a maximum value of electric power that can
instantancously be output from first power storage device
10-1. When SOC of first power storage device 10-1 1s lower
than a lower limit value TL1, allowable discharge electric
power Woutl 1s restricted. It 1s noted that a lowermost value
LL1 refers to the discharge limait of first power storage device
10-1. Acceptable charge electric power Winl indicates a
maximum value of electric power that can instantaneously be
input to first power storage device 10-1. When SOC of {first
power storage device 10-1 exceeds an upper limit value TH1,
acceptable charge electric power Winl 1s restricted. It1s noted
that an uppermost value HL1 indicates the charge limit of first
power storage device 10-1. As this 1s also the case with second
power storage device 10-2, description will not be repeated
for second power storage device 10-2.

A basic concept of electric power allocation control in the
present embodiment will be described with reference to FIG.
3. It 1s assumed here that power supply system 1 consists of
two power storage devices of first power storage device 10-1
and second power storage device 10-2. First power storage
device 10-1 and second power storage device 10-2 have SOCs
S1 and S2 respectively.

When the running mode 1s set to the CD mode, the vehicle
runs by using electric power stored 1n each power storage
device without maintaining that electric power. Assuming
here that first power storage device 10-1 and second power
storage device 10-2 equally discharge (here “equal dis-
charge” means that discharged electric power 1s equal),
allowable discharge electric power 1s restricted 1n any one of
first power storage device 10-1 and second power storage
device 10-2 earlier than the other. Then, thereafter, 1n spite of
suificient discharge capability of the other power storage
device, discharge capability of the entire power supply sys-
tem 1, that 1s, the total discharge capability of first power
storage device 10-1 and second power storage device 10-2, 1s
lowered. Here, electric power 1s allocated between first power
storage device 10-1 and second power storage device 10-2
such that SOCs of first power storage device 10-1 and second
power storage device 10-2 simultaneously attain, for

5

10

15

20

25

30

35

40

45

50

55

60

65

14

example, to lower limit values TL1 and TL2 respectively, so
that an occasion (a period) in which discharge capability of
the entire power supply system 1 can be exhibited to its
maximum can be maximized.

On the other hand, even 1n the CD mode, during braking of
the vehicle or running down a long hill, regenerative power 1s
supplied from drive force generation portion 2 to power sup-
ply system 1. Assuming here that first power storage device
10-1 and second power storage device 10-2 are equally
charged (here “equal charge” means that charged electric
power 1s equal), acceptable charge electric power 1s restricted
in any one of first power storage device 10-1 and second
power storage device 10-2 earlier than the other. Then, there-
alter, 1n spite of suilicient charge capability of the other power
storage device, charge capability of the entire power supply
system 1, that 1s, the total charge capability of first power
storage device 10-1 and second power storage device 10-2, 1s
lowered. Here, electric power 1s allocated between {irst power
storage device 10-1 and second power storage device 10-2
such that SOCs of first power storage device 10-1 and second
power storage device 10-2 simultaneously attain, {for
example, to upper limit values TH1 and TH2 respectively, so
that an occasion (a period) in which charge capability of the

entire power supply system 1 can be exhibited to 1ts maxi-
mum can be maximized.

Meanwhile, when the running mode 1s set to the CS mode,
the vehicle runs while maintaining electric power stored in
cach power storage device. Assuming here that electric power
allocation as 1n the CD mode 1s made, discharged electric
power from the power storage device higher in SOC becomes
greater during discharge, and charged electric power to the
power storage device lower 1n SOC becomes greater during
charge. Then, while repeating charging and discharging, SOC
of first power storage device 10-1 and SOC of second power
storage device 10-2 become equal to each other, and electric
power stored 1n each power storage device cannot be main-
tained.

Accordingly, electric power allocation between {irst power
storage device 10-1 and second power storage device 10-2 1s
made to maintain electric power stored 1n each power storage
device. Here, for example, it 1s possible that electric power 1s
allocated 1n accordance with a ratio between a capacity of first
power storage device 10-1 and a capacity of second power
storage device 10-2. As shown 1n FIG. 3, however, actually,
the allowable discharge electric power or the acceptable
charge electric power 1s restricted and electric power alloca-
tion 1n accordance with a ratio of capacity between the power
storage devices may not be achieved. Accordingly, in the
present embodiment, istead of electric power allocation in
accordance with the capacity of the power storage device,
clectric power 1s allocated to first power storage device 10-1
and second power storage device 10-2 1n accordance with a
difference (deviation amount) between SOC 1n each power
storage device and a target value to be maintained. Thus,
clectric power stored 1n each power storage device can be
maintained when the running mode 1s set to the CS mode.

FIG. 4 1s a diagram for 1llustrating a concept of a method of
using each power storage device. It 1s noted that upper and
lower limit values of SOCs of the power storage devices are
equal to one another. In addition, 1t 1s assumed 1n FI1G. 4 that
running starts from a state where each power storage device 1s
charged by charger 26 to uppermost value HL, which means

a full charge state.
Referring to FI1G. 4, lines k11, k12 and k13 show variation
of SOC of first power storage device 10-1. Lines k21, k22,

k23, and k24 show variation of SOC of second power storage
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device 10-2. Lines k31 and k32 show vanation of SOC of
third power storage device 10-3.

Out of second power storage device 10-2 and third power
storage device 10-3 of which use 1s switched by switching
device 18, second power storage device 10-2 1s mitially used.
From time t0, running 1n the CD mode 1s started, and electric
power 1n first power storage device 10-1 and second power
storage device 10-2 1s consumed and SOCs of first power
storage device 10-1 and second power storage device 10-2
decrease. At time t1, when the driver turns on CD cancel
switch 24, the mode 1s switched from the CD mode to the CS
mode and SOCs of first power storage device 10-1 and second
power storage device 10-2 that 1s being used are maintained at
values (S1L, S2L) at the time when CD cancel switch 24 was
turned on.

When CD cancel switch 24 1s turned off at time t3, the
mode returns from the CS mode to the CD mode and SOCs of
first power storage device 10-1 and second power storage
device 10-2 start to decrease again. When SOC of second
power storage device 10-2 reaches lower limit value TL at
time t4, switching device 18 switches the power storage
device to be connected to second converter 12-2 from second
power storage device 10-2 to third power storage device 10-3.
After time t4, electric power from first power storage device
10-1 and thaird power storage device 10-3 1s used for running,
and SOCs of first power storage device 10-1 and third power
storage device 10-3 together reach lower limit value TL at
time t6. After time t6, the running mode 1s set to the CS mode,
and SOCs of first power storage device 10-1 and third power
storage device 10-3 are maintained at lower limit value TL.

If the driver did not turn on CD cancel switch 24, when
SOC of second power storage device 10-2 reaches lower limait
value TL at time t2, the power storage device to be connected
to second converter 12-2 1s switched from second power
storage device 10-2 to third power storage device 10-3. After
time 12, electric power from first power storage device 10-1
and third power storage device 10-3 1s used for running, and
SOCs of first power storage device 10-1 and third power
storage device 10-3 together reach lower limit value TL at
time t5.

FIG. § 1s a functional block diagram of converter ECU 22
shown in FIG. 1. Reterring to FIG. 5, converter ECU 22
includes an SOC calculation umt 52, a running mode control
unit 34, a slave switching control unit 56, a CD mode electric
power allocation ratio calculation unit 38, a CS mode electric
power allocation ratio calculation unit 60, a switching unit 62,
an struction generation unit 64, and a drive signal genera-
tion unit 66.

SOC calculation unit 52 calculates a state quantity 51 1ndi-
cating SOC of first power storage device 10-1 based on each
detection value of current Ib1 and voltage Vbl. In addition,
SOC calculation unit 52 calculates a state quantity S2 indi-
cating SOC of second power storage device 10-2 based on
cach detection value of current Ib2 and voltage Vb2. More-
over, SOC calculation unit 52 calculates a state quantity S3
indicating SOC of third power storage device 10-3 based on
cach detection value of current Ib3 and voltage Vb3. It 1s
noted that various known methods can be used as a method of
calculating SOC.

Running mode control unit 54 controls the running mode
of the vehicle based on a signal CS from CD cancel switch 24
and SOC of each power storage device calculated by SOC
calculation unit 52. Specifically, running mode control unit
54 sets the running mode to the CS mode when 1t 15 deter-
mined that CD cancel switch 24 has been turned on based on
signal CS. In addition, runming mode control unit 54 sets the
running mode to the CS mode also when SOC of each power
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storage device reaches lower limit value TL. Otherwise, run-
ning mode control unit 54 sets the running mode to the CD
mode. Running mode control umt 54 outputs a signal MD
indicating the running mode.

Slave switching control unit 56 generates switching signal
SW for sequentially switching for use between second power
storage device 10-2 and third power storage device 10-3,
based on SOCs of second power storage device 10-2 and third
power storage device 10-3 calculated by SOC calculation unit
52. For example, when SOC of second power storage device
10-2 1s higher than the lower limit value, slave switching
control unit 56 inactivates switching signal SW such that
second power storage device 10-2 1s electrically connected to
second converter 12-2, and when SOC of second power stor-
age device 10-2 reaches the lower limit value, slave switching
control unit 56 activates switching signal SW such that third
power storage device 10-3 1s electrically connected to second
converter 12-2.

When signal MD from running mode control unit 54 1ndi-
cates the CD mode, CD mode electric power allocation ratio
calculation unit 58 calculates the electric power allocation
ratio to be used 1n the CD mode, based on SOC (51 to S3) of
cach power storage device calculated by SOC calculation unit
52, vehicle request power Ps and switching signal SW from
slave switching control unit 56.

FIGS. 6 and 7 are diagrams for illustrating a method of
calculation of the electric power allocation ratio by CD mode
clectric power allocation ratio calculation unit 58 shown 1n
FIG. 5. FIG. 6 1s a diagram for illustrating a calculation
method during discharge 1n which electric power 1s supplied
from power supply system 1 to drive force generation portion
2, and F1G. 7 1s adiagram for 1llustrating a calculation method
during charge 1n which electric power 1s supplied from drive
force generation portion 2 to power supply system 1.

Referring to FIG. 6, by way of example, FIG. 6 shows an
example where second power storage device 10-2 1s electri-
cally connected to second converter 12-2 by means of switch-
ing device 18. CD mode electric power allocation ratio cal-
culation unit 38 can 1dentify a power storage device
clectrically connected to second converter 12-2, based on
switching signal SW from slave switching control unit 56. For
facilitating understanding, 1t 1s assumed that lower limit value
TL indicating SOC at which restriction of allowable dis-
charge electric power Wout 1s to be started and lowermost
value LL indicating the discharge limit of the power storage
device are 1dentical among the power storage devices.

When vehicle request power Ps has a positive value, CD
mode electric power allocation ratio calculation unit 38 cal-
culates, with regard to first power storage device 10-1, an
available discharge electric power amount R1 of first power
storage device 10-1 until SOC reaches lower limit value TL at
which allowable discharge electric power Woutl 1s to be
restricted, as shown in the following equation.

R1=A4(S1-TL) (1)

Here, A represents a capacity of first power storage device
10-1 and 51 represents SOC of first power storage device 10-1
when calculation 1s performed.

Similarly, CD mode electric power allocation ratio calcu-
lation unit 58 calculates, with regard to second power storage
device 10-2, an available discharge electric power amount R2
of second power storage device 10-2 until SOC reaches lower
limit value TL, and calculates, with regard to third power
storage device 10-3, an available discharge electric power
amount R3 of third power storage device 10-3 until SOC
reaches lower limit value TL, as shown in the following
equations.
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R2=B1(S2-TL) (2)

R3=B2(S3-TL) (3)

Here, B1 and B2 show capacities of second power storage
device 10-2 and third power storage device 10-3 respectively,
and S2 and S3 show SOCs of second power storage device
10-2 and third power storage device 10-3 when calculation 1s
performed, respectively.

CD mode electric power allocation ratio calculation unit 58
calculates the electric power allocation ratio between {first
power storage device 10-1 and second power storage device
10-2 (or third power storage device 10-3) as R1:(R2+R3).
Namely, second power storage device 10-2 and third power
storage device 10-3 sequentially switched for use are
regarded as one power storage portion, and the electric power
allocation ratio 1s calculated such that first power storage
device 10-1 and the power storage portion consisting of sec-
ond power storage device 10-2 and third power storage device
10-3 simultaneously attain to the lower limit value.

Referring to FIG. 7, by way of example, FIG. 7 shows an
example where third power storage device 10-3 1s electrically
connected to second converter 12-2 by means of switching
device 18. Here again, for facilitating understanding, 1t 1s
assumed that upper limit value TH indicating SOC at which
restriction of acceptable charge electric power Win 1s to be
started and uppermost value HL indicating the charge limit of
the power storage device are 1dentical among the power stor-
age devices.

When vehicle request power Ps has a negative value, CD
mode electric power allocation ratio calculation unit 38 cal-
culates, with regard to first power storage device 10-1, an
acceptable charge electric power amount C1 of first power
storage device 10-1 until SOCreaches upper limit value TH at
which acceptable charge electric power Winl i1s to be
restricted, as shown 1n the following equation.

C1=A(TH-S1) (4)

Similarly, CD mode electric power allocation ratio calcu-
lation unit 38 calculates, with regard to third power storage
device 10-3 that 1s being used, an acceptable charge electric
power amount C3 of third power storage device 10-3 until
SOC reaches upper limit value TH, as shown 1n the following
equation.

C3=B2(TH-53) (5)

Then, CD mode electric power allocation ratio calculation
unit 538 calculates the electric power allocation ratio between
first power storage device 10-1 and third power storage device
10-3 as C1:C3. Namely, the electric power allocation ratio 1s
calculated such that first power storage device 10-1 and third
power storage device 10-3 that 1s being used simultaneously
attain to the upper limit value during charge.

It 1s noted that the electric power allocation ratio 1n an
example where second power storage device 10-2 1s electri-
cally connected to second converter 12-2 by means of switch-
ing device 18 can also similarly be calculated.

Referring again to FIG. 5, when signal MD from running,
mode control unit 54 indicates the CS mode, CS mode electric
power allocation ratio calculation unit 60 calculates the elec-
tric power allocation ratio to be used in the CS mode, based on
SOC (S1 to S3) of each power storage device calculated by
SOC calculation unit 52, vehicle request power Ps, and
switching signal SW from slave switching control unit 56.

FIGS. 8 to 12 are diagrams for illustrating a method of
calculation of the electric power allocation ratio by CS mode
clectric power allocation ratio calculation unit 60 shown 1n
FIG. 5. By way of example, FIGS. 8 to 12 show examples
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where second power storage device 10-2 1s electrically con-
nected to second converter 12-2 by means of switching device
18. It 1s noted that CS mode electric power allocation ratio
calculation unit 60 can identily a power storage device elec-
trically connected to second converter 12-2 based on switch-
ing signal SW from slave switching control unit 56.
Referring to FIG. 8, when the running mode 1s switched
from the CD mode to the CS mode, CS mode electric power
allocation ratio calculation unit 60 latches SOCs (S1L, S2L)
of first power storage device 10-1 and second power storage
device 10-2 electrically connected to second converter 12-2 at
that time. Then, CS mode electric power allocation ratio
calculation unit 60 calculates a deviation amount AS1 from
S1L, of SOC of first power storage device 10-1 and a devia-

tion amount AS2 from S2L, of SOC of second power storage
device 10-2.

AS1=S1-S1L (6)

AS2=S52-S2L (7)

Here, S1 and S2 represent SOCs of first power storage
device 10-1 and second power storage device 10-2, respec-
tively, when calculation 1s performed.

FIG. 8 shows an example where relation of AS1=0 and
AS2=0 1s satisfied. When relation of AS1=0 and AS2=0 1s
satisfied, CS mode electric power allocation ratio calculation
unit 60 sets an electric power allocation ratio D1:D2 between
first power storage device 10-1 and second power storage
device 10-2 as follows, distinguishing between during dis-
charge 1n which electric power 1s supplied from power supply
system 1 to drive force generation portion 2 and during charge
in which electric power 1s supplied from drive force genera-
tion portion 2 to power supply system 1.

(during discharge) D1:D2=AS81:A82 (8)

(during charge) D1:D2=AS2:AS1 (9)

Namely, when electric power 1s supplied from power sup-
ply system 1 to drive force generation portion 2 (vehicle
request power Ps>0), the electric power allocation ratio
between first power storage device 10-1 and second power
storage device 10-2 1s set 1 accordance with the ratio
between deviation amount AS1 of first power storage device
10-1 and deviation amount AS2 of second power storage
device 10-2. When electric power 1s supplied from drive force
generation portion 2 to power supply system 1 (vehicle
request power Ps<0), the electric power allocation ratio
between first power storage device 10-1 and second power
storage device 10-2 1s set in accordance with an iverse ratio
between deviation amounts AS1 and AS2. When electric
power 1s supplied from drive force generation portion 2 to
power supply system 1 while relation of AS1=0 and AS2=0
1s satisiied, by allocating electric power to first power storage
device 10-1 and second power storage device 10-2 1n accor-
dance with the inverse ratio between deviation amounts AS1
and AS2, deviation amount AS1 1n first power storage device
10-1 and deviation amount AS2 i1n second power storage
device 10-2 are equalized with each other.

Referring next to FIG. 9, FIG. 9 shows an example where
relation of AS1=0 and AS2<0 1s satisfied. When relation of
AS1=0 and AS2<0 15 satistied, CS mode electric power allo-
cation ratio calculation unit 60 sets electric power allocation
ratio D1:D2 between first power storage device 10-1 and
second power storage device 10-2, as shown 1n the following.

(during discharge) D1:1D2=100:0 (10)

(during charge) D1:D2=0:100 (11)
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Namely, when electric power 1s supplied from power sup-
ply system 1 to drive force generation portion 2 (vehicle
request power Ps>0), the electric power allocation ratio 1s set
such that first power storage device 10-1 alone, of which
deviation amount has a positive value, discharges. When elec-
tric power 1s supplied from drive force generation portion 2 to
power supply system 1 (vehicle request power Ps<0), the
clectric power allocation ratio 1s set such that second power
storage device 10-2 alone, of which deviation amount has a
negative value, 1s charged.

Referring to FIG. 10, FIG. 10 shows an example where
relation of AS1<0 and AS2=0 1s satisfied. When relation of
AS1<0 and AS2=0 1s satisfied, CS mode electric power allo-
cation ratio calculation unit 60 sets electric power allocation
ratio D1:D2 between first power storage device 10-1 and
second power storage device 10-2, as shown 1n the following.

(during discharge) D1:D2=0:100 (12)

(during charge) D1:D2=100:0 (13)

Namely, when electric power 1s supplied from power sup-
ply system 1 to drive force generation portion 2 (vehicle
request power Ps>0), the electric power allocation ratio
between first power storage device 10-1 and second power
storage device 10-2 1s set such that second power storage
device 10-2 alone, of which deviation amount has a positive
value, discharges. When electric power 1s supplied from drive
force generation portion 2 to power supply system 1 (vehicle
request power Ps<0), the electric power allocation ratio 1s set
such that first power storage device 10-1 alone, of which
deviation amount has a negative value, 1s charged.

Referring to FIG. 11, FIG. 11 shows an example where
relation of AS1<0 and AS2=0 1s satisfied. When relation of

AS1<0 and AS2=0 1s satisfied, CS mode electric power allo-
cation ratio calculation unit 60 sets electric power allocation
ratio D1:D2 between first power storage device 10-1 and
second power storage device 10-2, as shown 1n the following.

(during discharge) D1:D2=A82:AS1 (14)

(during charge) D1:D2=AS1:AS2 (15)

Namely, when electric power 1s supplied from drive force
generation portion 2 to power supply system 1 (vehicle
request power Ps<0), the electric power allocation ratio 1s set
in accordance with the ratio between deviation amount AS1 of
first power storage device 10-1 and deviation amount AS2 of
second power storage device 10-2. When electric power 1s
supplied from power supply system 1 to drive force genera-
tion portion 2 (vehicle request power Ps>0), the electric
power allocation ratio between first power storage device
10-1 and second power storage device 10-2 1s set 1n accor-
dance with an mnverse ratio between deviation amounts AS1
and AS2. When electric power 1s supplied from power supply
system 1 to drive force generation portion 2 while relation of
AS1<0 and AS2<0 1s satistied, by allocating electric power to
first power storage device 10-1 and second power storage
device 10-2 1n accordance with the inverse ratio between
deviation amounts AS1 and AS2, deviation amount AS1 1n
first power storage device 10-1 and deviation amount AS2 1n
second power storage device 10-2 are equalized with each
other.

FIG. 12 1s a detailed functional block diagram of drive
signal generation unit 66 shown in FIG. 5. Referring to FIG.
12, drive signal generation unit 66 includes a first control unit
70-1 and a second control unit 70-2. First control unit 70-1
includes subtraction umts 72-1 and 76-1, a feedback (FB)

control unit 74-1, and a modulation unit 78-1.
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Subtraction unit 72-1 subtracts a detection value of voltage
Vh from target voltage VR and outputs the result of calcula-
tion to FB control unit 74-1. FB control unit 74-1 calculates
an FB compensation amount based on the output from sub-
traction unit 72-1 and outputs the result of calculation to
subtraction unit 76-1. For example, FB control umt 74-1
performs proportional integral operation based on the output
from subtraction unit 72-1 and outputs the result of operation
to subtraction unit 76-1.

Subtraction unit 76-1 subtracts the output from FB control
unit 74-1 from a reciprocal of a theoretical boost ratio of first
converter 12-1 expressed as (voltage Vbl)/(target voltage
VR) and outputs the result of calculation as a duty instruction
to modulation unit 78-1. It 1s noted that an input term in
subtraction unit 76-1 (Vb1/VR) 1s a feediorward (FF) com-
pensation term based on the theoretical boost ratio of first
converter 12-1.

Modulation unit 78-1 generates drive signal PWC1 based
on the duty mstruction output from subtraction unit 76-1 and
carrier waves generated by a not-shown oscillation unit and
outputs generated drive signal PWC1 to first converter 12-1.

Second control unit 70-2 includes subtraction units 72-2
and 76-2, a FB control unit 74-2, a modulation unit 78-2, a
division unit 80, and switches 82 and 84.

Switch 82 outputs a detection value of voltage Vb2 to
division unit 80 while switching signal SW {from slave
switching control umt 36 (FIG. 5) 1s iactivated (second
power storage device 10-2 1s being used). On the other hand,
switch 82 outputs a detection value of voltage Vb3 to division
unmit 80 while switching signal SW 1s activated (third power
storage device 10-3 1s being used). Division unit 80 divides
target electric power PR by the output from switch 82 and
outputs the result of calculation to subtraction unit 72-2 as a
target current IR.

Switch 84 outputs a detection value of current Ib2 to sub-
traction unit 72-2 while switching signal SW 1s 1nactivated.
On the other hand, switch 84 outputs a detection value of
current Ib3 to subtraction unit 72-2 while switching signal
SW 1s activated. Subtraction unit 72-2 subtracts the output
from switch 84 from target current IR and outputs the result of
calculation to FB control unit 74-2. FB control unit 74-2
calculates an FB compensation amount based on the output
from subtraction unit 72-2 and outputs the result of calcula-
tion to subtraction unit 76-2. For example, FB control unit
74-2 performs proportional integral operation based on the
output from subtraction unit 72-2 and outputs the result of
operation to subtraction unit 76-2.

Subtraction unit 76-2 subtracts the output from FB control
umt 74-2 from a reciprocal of a theoretical boost ratio of
converter 12-2 expressed as (voltage Vb2)/(target voltage
VR) and outputs the result of calculation as a duty instruction
to modulation unit 78-2. It 1s noted that an input term in
subtraction umt 76-2 (Vb2/VR) 1s a feedforward compensa-
tion term based on the theoretical boost ratio of converter
12-2.

Modulation unit 78-2 generates drive signal PWC2 based
on the duty mstruction output from subtraction unmit 76-2 and
carrier waves generated by a not-shown oscillation unit and
outputs generated drive signal PWC2 to converter 12-2.

FIG. 13 15 a flowchart for illustrating a control structure of
converter ECU 22 shown 1n FIG. 1. Processing in the tlow-
chart 1s invoked from a main routine and performed every
prescribed time or each time a prescribed condition 1s satis-
fied.

Referring to FIG. 13, converter ECU 22 determines
whether the running mode 1s set to the CD mode or the CS
mode (step S10). As described above, when the driver turns
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on CD cancel switch 24, the running mode 1s set to the CS
mode, and when SOC of each power storage device attains to
the lower limit value as well, the running mode 1s set to the CS
mode. Otherwise, the running mode 1s set to the CD mode.

When it 1s determined 1n step S10 that the running mode 1s
set to the CD mode (“CD” 1n step S10), converter ECU 22
executes a sub routine 1 which electric power allocation
control for the CD mode 1s carried out (step S20). On the other
hand, when 1t 1s determined in step S10 that the running mode
1s set to the CS mode (“CS” 1n step S10), converter ECU 22
executes a sub routine 1 which electric power allocation
control for the CS mode 1s carried out (step S30).

FI1G. 14 1s a flowchart for 1llustrating a structure of the sub
routine for controlling CD mode electric power allocation
shown 1n FIG. 13. Referring to FIG. 14, converter ECU 22
calculates available discharge electric power amount R1 of
first power storage device 10-1, available discharge electric
power amount R2 of second power storage device 10-2 and
available discharge electric power amount R3 of third power
storage device 10-3, by using the equations (1) to (3) above
(step S110). Thereaftter, converter ECU 22 calculates the sum
of available discharge electric power amounts R2 and R3 on
the slave side (step S120). Then, converter ECU 22 calculates
clectric power allocation ratio (discharge allocation ratio)
R1:(R2+R3) based on the result of calculation 1n steps S110
and 5120 (step S130).

In succession, converter ECU 22 calculates acceptable
charge electric power amount C1 of first power storage device
10-1 by using the equation (4) above (step S140). Thereatter,
converter ECU 22 determines whether the power storage
device currently electrically connected to second converter
12-2 by means of switching device 18 on the slave side 1s
second power storage device 10-2 or third power storage
device 10-3, based on switching signal SW (step S150).

When 1t 1s determined that second power storage device
10-2 1s electrically connected to second converter 12-2 (*sec-
ond” 1n step S150), converter ECU 22 calculates acceptable
charge electric power amount C2 of second power storage
device 10-2 (step S160). On the other hand, when 1t 15 deter-
mined 1n step S150 that third power storage device 10-3 1s
clectrically connected to second converter 12-2 (“third” 1n
step S150), converter ECU 22 calculates acceptable charge
clectric power amount C3 of third power storage device 10-3
by using the equation (5) above (step S170).

When second power storage device 10-2 1s electrically
connected to second converter 12-2, converter ECU 22 cal-
culates electric power allocation ratio (charge allocation
rat10) C1:C2 based on calculated acceptable charge electric
power amounts C1 and C2. On the other hand, when third
power storage device 10-3 1s electrically connected to second
converter 12-2, converter ECU 22 calculates electric power
allocation ratio (charge allocation ratio) C1:C3 based on
acceptable charge electric power amounts C1 and C3 (step
S180).

Thereatter, converter ECU 22 determines whether vehicle
request power Ps received from MG-ECU 40 of drive force
generation portion 2 has a positive value or not (step S190).
When 1t 1s determined that vehicle request power Ps has a
positive value (YES 1n step S190), converter ECU 22 gener-
ates drive signals PWC1 and PWC2 for driving first converter
12-1 and second converter 12-2 respectively in accordance
with the electric power allocation ratio (discharge allocation
rat10) calculated in step S130, with the method described
above (step S200).

On the other hand, when 1t 1s determined 1n step S190 that
vehicle request power Ps does not have a positive value (NO
in step S190), converter ECU 22 generates drive signals
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PWC1 and PWC2 1n accordance with the electric power
allocation ratio (charge allocation ratio) calculated 1n step
S180, with the method described above (step S210).

Then, converter ECU 22 outputs drive signals PWCI1 and
PWC2 generated 1n step S200 or step S210 to first converter
12-1 and second converter 12-2 respectively, and controls
first converter 12-1 and second converter 12-2 (step S220).

FIG. 15 15 a flowchart for illustrating a structure of the sub
routine for controlling CS mode electric power allocation
shown 1n FIG. 13. Referrning to FIG. 135, converter ECU 22
latches SOC of each power storage device at the time when
transition from the CD mode to the CS mode 1s made (step
S5310). It 1s noted that the SOC latched at this time 1s set as the
target SOC 1n the CS mode.

Thereafter, converter ECU 22 determines whether the
power storage device currently electrically connected to sec-
ond converter 12-2 by means of switching device 18 on the
slave side 1s second power storage device 10-2 or third power
storage device 10-3, based on switching signal SW (step
S320).

When 1t 1s determined that second power storage device
10-2 1s electrically connected to second converter 12-2 (*“sec-
ond” 1 step S320), converter ECU 22 calculates the deviation
amount from the target SOC, of the SOC of each of first power
storage device 10-1 and second power storage device 10-2 by
using the equations (6) and (7) above (step S330). Then,
converter ECU 22 calculates the electric power allocation
ratio (discharge allocation ratio and charge allocation ratio)
between first power storage device 10-1 and second power
storage device 10-2 based on the calculated deviation amount,
by using the equations (8) to (15) above (step S340).

More specifically, with regard to deviation amounts AS1
and AS2 calculated 1n step S330, when relation of AS1=0 and
AS2=01s satisfied and when vehicle request power Ps>0 (that
1s, electric power 1s supplied from power supply system 1 to
drive force generation portion 2), converter ECU 22 calcu-
lates the discharge allocation ratio based on the equation (8)
above. When vehicle request power Ps<t0 (that 1s, electric
power 1s supplied from drive force generation portion 2 to
power supply system 1), converter ECU 22 calculates the
charge allocation ratio based on the equation (9) above. In
addition, when relation of AS1=0 and AS2<0 1s satisfied and
when vehicle request power Ps>0, converter ECU 22 calcu-
lates the discharge allocation ratio based on the equation (10)
above. When vehicle request power Ps<0, converter ECU 22
calculates the charge allocation ratio based on the equation
(11) above. Moreover, when relation of AS1<0 and AS2=01s
satisfied and when vehicle request power Ps>0, converter
ECU 22 calculates the discharge allocation ratio based on the
equation (12) above. When vehicle request power Ps<0, con-
verter ECU 22 calculates the charge allocation ratio based on
the equation (13) above. Further, when relation of AS1<0 and
AS2<0 1s satisfied and when vehicle request power Ps>0,
converter ECU 22 calculates the discharge allocation ratio
based on the equation (14) above. When vehicle request
power Ps<0, converter ECU 22 calculates the charge alloca-
tion ratio based on the equation (15) above.

On the other hand, when 1t 1s determined 1n step S320 that
third power storage device 10-3 1s electrically connected to
second converter 12-2 (“third” 1n step S320), converter ECU
22 calculates the deviation amount from the target SOC, of
the SOC of each of first power storage device 10-1 and third
power storage device 10-3 (step S350). It 1s noted that a
deviation amount AS3 of third power storage device 10-3 1s
also calculated as 1n the case of first and second power storage
devices 10-1 and 10-2, 1n accordance with the equations (6)

and (7) above.
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Then, converter ECU 22 calculates the electric power allo-
cation ratio (discharge allocation ratio and charge allocation
rat10) between first power storage device 10-1 and third power
storage device 10-3 based on the calculated deviation amount
(step S360). It 1s noted that the electric power allocation ratio
between first power storage device 10-1 and third power
storage device 10-3 1s also calculated as 1n calculating the
clectric power allocation ratio between {irst power storage
device 10-1 and second power storage device 10-2, 1in accor-
dance with the equations (8) to (15) above.

Thereatter, converter ECU 22 determines whether vehicle
request power Ps recetved from MG-ECU 40 of drive force
generation portion 2 has a positive value or not (step S370).
When it 1s determined that vehicle request power Ps has a
positive value (YES 1n step S370), converter ECU 22 gener-
ates drive signals PWC1 and PWC2 1n accordance with the
clectric power allocation ratio (discharge allocation ratio)
calculated 1n step S340 or S360, with the method described
above (step S380).

On the other hand, when 1t 1s determined 1n step S370 that
vehicle request power Ps does not have a positive value (NO
in step S370), converter ECU 22 generates drive signals
PWC1 and PWC2 in accordance with the electric power
allocation ratio (charge allocation ratio) calculated in step
S340 or S360, with the method described above (step S390).

Then, converter ECU 22 outputs drive signals PWC1 and
PWC2 generated 1n step S380 or step S390 to first converter
12-1 and second converter 12-2 respectively, and controls
first converter 12-1 and second converter 12-2 (step S400).

As described above, according to the present embodiment,
as SOC of second power storage device 10-2 attains to the
lower limit value, third power storage device 10-3 1s con-
nected to second converter 12-2 by means of switching device
18, so that second power storage device 10-2 and third power
storage device 10-3 are sequentially switched for use. During
the CD mode, the electric power allocation ratio between first
power storage device 10-1 and the power storage device con-
nected to second converter 12-2 by means of switching device
18 1s calculated based on the remaining electric power
amount of each of first to third power storage devices 10-1 to
10-3, and first and second converters 12-1 and 12-2 are con-
trolled 1n accordance with the calculated electric power allo-
cation ratio. Thus, such a case that any of first power storage
device 10-1 and second and third power storage devices 10-2
and 10-3 sequentially switched for use reaches the discharge
limit earlier than the other 1s suppressed. Here, during the CS
mode, the electric power allocation ratio between first power
storage device 10-1 and the power storage device connected
to second converter 12-2 1s calculated based on the deviation
amount between SOC 1n each of first power storage device
10-1 and the power storage device connected to second con-
verter 12-2 by means of switching device 18 and the target
value thereof, and first and second converters 12-1 and 12-2
are controlled in accordance with the calculated electric
power allocation ratio. Thus, SOC during the CS mode 1s
maintained, and such a case that any of {irst power storage
device 10-1 and second and third power storage devices 10-2
and 10-3 sequentially switched for use reaches the discharge
limit earlier than the other 1s suppressed also after returning
from the CS mode to the CD mode. Therefore, according to
the present embodiment, electric power 1s approprately allo-
cated 1n accordance with the running mode (CD mode/CS
mode), and consequently, capability of power supply system
1 having a plurality of power storage devices can be exhibited
to 1ts maximum.

In the embodiment above, regarding the power storage
device on the slave side, 1t 1s assumed that second power

10

15

20

25

30

35

40

45

50

55

60

65

24

storage device 10-2 1s used prior to third storage device 10-3,
however, third power storage device 10-3 may be used first.
Alternatively, each time a vehicle system i1s started up, a
power storage device to be used first may be switched.

In addition, 1n the description above, with regard to second
converter 12-2, target current IR 1s calculated based on target
clectric power PR, and current FB control based on a differ-
ence between calculated target current IR and the detection
value of the current sensor 1s carried out. Alternatively, actual
clectric power mput and output to/from a power storage
device being used on the slave side may be calculated and
clectric power FB control based on a difference between
target electric power PR and the calculated actual electric
power may be carried out.

Moreover, in the description above, first converter 12-1 1s
subjected to voltage FB control and second converter 12-2 1s
subjected to current FB control (electric power FB control 1s
also applicable). Alternatively, first converter 12-1 may be
subjected to current FB control (or electric power FB control )
and second converter 12-2 may be subjected to voltage FB
control.

Further, an example where two power storage devices on
the slave side are provided 1s illustrated above, however, three
or more power storage devices on the slave side may be
provided.

In addition, in the description above, drive force generation
portion 2 mcludes first MG 32-1 and second MG 32-2, how-
ever, the number of MGs included in drive force generation
portion 2 1s not limited to two.

Moreover, 1n the description above, a series/parallel type
hybrid vehicle 1n which motive power of engine 36 1s split by
power splitdevice 34 and the split power can be transmaitted to
driving wheel 38 and first MG 32-1 1s 1llustrated, however, the
present invention 1s also applicable to hybrid vehicles of other
types. Specifically, for example, the present invention 1s also
applicable to what is called a series type hybrid vehicle 1n
which engine 36 1s used only for driving first MG 32-1 and
second MG 32-2 alone generates drive force of the vehicle, a
hybrid vehicle 1n which only regenerative energy out of
kinetic energy generated by engine 36 1s recovered as electric
energy, a motor-assisted type hybrid vehicle in which an
engine serves as a main motive power source and a motor
assists the engine as necessary, and the like.

Further, the present invention 1s also applicable to an elec-
tric car that runs only with electric power without including
engine 36 and a fuel cell car including a fuel cell 1n addition
to a power storage device as a power supply.

In the description above, main positive bus MPL and main
negative bus MNL correspond to embodiments of the “power
line” 1n the present invention, and first converter 12-1 and
second converter 12-2 correspond to embodiments of the
“first converter” and the “second converter” in the present
invention, respectively. In addition, first power storage device
10-1 corresponds to one embodiment of the “first power
storage device” 1n the present invention, and second power
storage device 10-2 and third power storage device 10-3
correspond to one embodiment of a “plurality of second
power storage devices” 1n the present invention.

Moreover, converter ECU 22 corresponds to one embodi-
ment of the “control device” 1n the present mvention, and
slave switching control unit 56 corresponds to one embodi-
ment of the “switching control unit” in the present invention.
Further, CD mode electric power allocation ratio calculation
unit 58 corresponds to one embodiment of the “first electric
power allocation ratio calculation umit” 1n the present mnven-
tion, and CS mode electric power allocation ratio calculation
unit 60 corresponds to one embodiment of the “second elec-
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tric power allocation ratio calculation unit” in the present
invention. Furthermore, switching unit 62, instruction gen-
eration unit 64 and drive signal generation unit 66 correspond
to one embodiment of the “converter control unit” in the
present invention, and system relays RY1 and RY2 corre-
spond to one embodiment of a “plurality of relays” in the
present invention.

Although the present invention has been described and

illustrated in detail, it 1s clearly understood that the same 1s by
way ol illustration and example only and 1s not to be taken by
way ol limitation, the scope of the present invention being,
interpreted by the terms of the appended claims.

What 1s claimed 1s:
1. A power supply system mounted on a vehicle capable of

running while switching between a first running mode of
running using electric power stored for running without main-
taining said electric power and a second running mode of
running while maintaining said electric power at a prescribed
target, comprising:

a power line for supplying and receiving electric power
between a drive force generation portion for generating,
drive force for runming upon recerving electric power
from the power supply system and the power supply
system:

first and second converters connected 1n parallel to said
power line;

a first rechargeable power storage device connected to said
first converter;

a plurality of second rechargeable power storage devices;

a switching device provided between said plurality of sec-
ond power storage devices and said second converter,
configured to connect any one of said plurality of second
power storage devices to said second converter 1n accor-
dance with a provided 1nstruction; and

a control device for controlling said first and second con-
verters and said switching device, and

said control device including
a switching control unit for generating said instruction

for sequentially switching for use said plurality of
second power storage devices such that, when a state
quantity indicating a charged state of the second
power storage device connected to said second con-
verter 1s lower than a predetermined value, a remain-
ing second power storage device of which state quan-
tity 1s not lower than said predetermined value 1is
connected to said second converter, and outputting
said instruction to said switching device,

a first electric power allocation ratio calculation unit for
calculating, based on a remaining electric power
amount of each of said first power storage device and
said plurality of second power storage devices, a first
clectric power allocation ratio indicating a ratio of
allocation of charge and discharge electric power
between said first power storage device and the sec-
ond power storage device connected to said second
converter by means of said switching device, to be
used during said first running mode,

a second electric power allocation ratio calculation unit
for calculating, based on a difference between said
state quantity 1 each of said first power storage
device and the second power storage device con-
nected to said second converter by means of said
switching device and a target value thereol, a second
clectric power allocation ratio indicating a ratio of
allocation of charge and discharge electric power
between said first power storage device and the sec-
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ond power storage device connected to said second
converter, to be used during said second running
mode, and
a converter control unit for controlling said first and
second converters 1n accordance with said first elec-
tric power allocation ratio during said first running
mode and controlling said first and second converters
in accordance with said second electric power alloca-
tion ratio during said second running mode.
2. The power supply system according to claim 1, wherein
said target value of said first power storage device 1s set to
said state quantity of said first power storage device
attained when transition from said first runnming mode to
said second running mode 1s made, and
said target value of the second power storage device con-
nected to said second converter by means of said switch-
ing device 1s set to said state quantity of said second
power storage device attained when transition from said
first running mode to said second running mode 1s made.
3. The power supply system according to claim 1, wherein
said second electric power allocation ratio calculation unit
calculates, when a first value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a positive value and a second value
obtained by subtracting the target value of said state
quantity of the second power storage device connected
to said second converter by means of said switching
device from said state quantity of the second power
storage device has a positive value,
said second electric power allocation ratio such that said
first power storage device and the second power storage
device connected to said second converter discharge 1n
accordance with a ratio between said first value and said
second value when electric power 1s supplied from the
power supply system to said drive force generation por-
tion, and
said second electric power allocation ratio such that said
first power storage device and the second power storage
device connected to said second converter are charged 1n
accordance with an inverse ratio between said first value
and said second value when electric power 1s supplied
from said drive force generation portion to the power
supply system.
4. The power supply system according to claim 1, wherein
said second electric power allocation ratio calculation unit
calculates, when a first value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a negative value and a second value
obtained by subtracting the target value of said state
quantity of the second power storage device connected
to said second converter by means of said switching
device from said state quantity of the second power
storage device has a negative value,
said second electric power allocation ratio such that said
first power storage device and the second power storage
device connected to said second converter are charged 1n
accordance with a ratio between said first value and said
second value when electric power 1s supplied from said
drive force generation portion to the power supply sys-
tem, and
said second electric power allocation ratio such that said
first power storage device and the second power storage
device connected to said second converter discharge 1n
accordance with an inverse ratio between said first value
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and said second value when electric power 1s supplied
from the power supply system to said drive force gen-
eration portion.

5. The power supply system according to claim 1, wherein

said second electric power allocation ratio calculation unit
calculates, when a value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a positive value and a value obtained
by subtracting the target value of said state quantity of
the second power storage device connected to said sec-
ond converter by means of said switching device from
said state quantity of the second power storage device
has a negative value,

said second electric power allocation ratio such that said
first power storage device alone discharges when elec-
tric power 1s supplied from the power supply system to
said drive force generation portion, and

said second electric power allocation ratio such that the
second power storage device alone connected to said
second converter 1s charged when electric power 1s sup-
plied from said drive force generation portion to the
power supply system.

6. The power supply system according to claim 1, wherein

said second electric power allocation ratio calculation unit
calculates, when a value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a negative value and a value obtained
by subtracting the target value of said state quantity of
the second power storage device connected to said sec-
ond converter by means of said switching device from
said state quantity of the second power storage device
has a positive value,

said second electric power allocation ratio such that said
second power storage device alone connected to said
second converter discharges when electric power 1s sup-
plied from the power supply system to said drive force
generation portion, and

said second electric power allocation ratio such that said
first power storage device alone 1s charged when electric
power 1s supplied from said drive force generation por-
tion to the power supply system.

7. The power supply system according to claim 1, wherein

said converter control unit includes

a first control unit for controlling said first converter such
that a voltage on said power line 1s adjusted to a pre-
scribed target voltage, and

a second control unit for controlling said second converter
such that charge and discharge of the second power
storage device connected to said second converter 1s
adjusted to a prescribed target amount.

8. The power supply system according to claim 1, wherein

said switching device includes a plurality of relays con-
nected between respective ones of said plurality of sec-
ond power storage devices and said second converter.

9. The power supply system according to claim 1, further

comprising a charger for charging said first power storage
device and said plurality of second power storage devices
upon receiving electric power from a power supply outside
the vehicle.

10. A vehicle, comprising:

the power supply system according to claim 1; and

a drive force generation portion for generating drive force
of the vehicle upon receiving electric power from said
power supply system.
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11. A method of controlling a power supply system

mounted on a vehicle capable of running while switching
between a first running mode of running using electric power
stored for running without maintaining said electric power
and a second running mode of running while maintaining said
clectric power at a prescribed target,

said power supply system including

a power line for supplying and recerving electric power
between a drive force generation portion for generating
drive force for running upon receiving electric power
from the power supply system and the power supply
system,

first and second converters connected 1n parallel to said
power line,

a first rechargeable power storage device connected to said
first converter,

a plurality of second rechargeable power storage devices,
and

a switching device provided between said plurality of sec-
ond power storage devices and said second converter,
configured to connect any of said plurality of second
power storage devices to said second converter 1n accor-
dance with a provided struction,

the method comprising the steps of:

controlling said switching device such that, when a state
quantity indicating a charged state of the second power
storage device connected to said second converter 1s
lower than a predetermined value, a remaining second
power storage device of which state quantity 1s not lower
than said predetermined value 1s connected to said sec-
ond converter;

calculating, based on a remaining electric power amount of
cach of said first power storage device and said plurality
of second power storage devices, a first electric power
allocation ratio indicating a ratio of allocation of charge
and discharge electric power between said first power
storage device and the second power storage device
connected to said second converter by means of said
switching device, to be used during said first running,
mode;

calculating, based on a difference between said state quan-
tity 1n each of said first power storage device and the
second power storage device connected to said second
converter by means of said switching device and a target
value thereof, a second electric power allocation ratio
indicating a ratio of allocation of charge and discharge
clectric power between said first power storage device
and the second power storage device connected to said
second converter, to be used during said second running,
mode; and

controlling said first and second converters in accordance
with said first electric power allocation ratio during said
first running mode and controlling said first and second
converters 1n accordance with said second electric
power allocation ratio during said second running mode.

12. The method of controlling a power supply system

according to claim 11, wherein

said target value of said first power storage device 1s set to
said state quantity of said first power storage device
attained when transition from said first runming mode to
said second running mode 1s made, and

said target value of the second power storage device con-
nected to said second converter by means of said switch-
ing device 1s set to said state quantity of said second
power storage device attained when transition from said
first running mode to said second running mode 1s made.
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13. The method of controlling a power supply system

according to claim 11, wherein

in said step of calculating a second electric power alloca-
tion ratio, when a first value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a positive value and a second value
obtained by subtracting the target value of said state
quantity of the second power storage device connected
to said second converter by means of said switching
device from said state quantity of the second power
storage device has a positive value,

said second electric power allocation ratio 1s calculated
such that said first power storage device and the second
power storage device connected to said second converter
discharge 1n accordance with a ratio between said {first
value and said second value when electric power 1s sup-
plied from said power supply system to said drive force
generation portion, and

said second electric power allocation ratio 1s calculated
such that said first power storage device and the second
power storage device connected to said second converter
are charged 1n accordance with an inverse ratio between
said first value and said second value when electric
power 1s supplied from said drive force generation por-
tion to said power supply system.

14. The method of controlling a power supply system

according to claim 11, wherein

in said step of calculating a second electric power alloca-
tion ratio, when a first value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a negative value and a second value
obtained by subtracting the target value of said state
quantity of the second power storage device connected
to said second converter by means of said switching
device from said state quantity of the second power
storage device has a negative value,

said second electric power allocation ratio 1s calculated
such that said first power storage device and the second
power storage device connected to said second converter
are charged 1n accordance with a ratio between said first
value and said second value when electric power 1s sup-
plied from said drive force generation portion to said
power supply system, and

said second electric power allocation ratio 1s calculated
such that said first power storage device and the second
power storage device connected to said second converter
discharge 1n accordance with an inverse ratio between
said first value and said second value when electric
power 1s supplied from said power supply system to said
drive force generation portion.
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15. The method of controlling a power supply system

according to claim 11, wherein

in said step of calculating a second electric power alloca-
tion ratio, when a value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a positive value and a value obtained
by subtracting the target value of said state quantity of
the second power storage device connected to said sec-
ond converter by means of said switching device from
said state quantity of the second power storage device
has a negative value,

said second electric power allocation ratio 1s calculated
such that said first power storage device alone dis-
charges when electric power 1s supplied from said power
supply system to said drive force generation portion, and

said second electric power allocation ratio 1s calculated
such that the second power storage device alone con-
nected to said second converter 1s charged when electric
power 1s supplied from said drive force generation por-
tion to said power supply system.

16. The method of controlling a power supply system

according to claim 11, wherein

in said step of calculating a second electric power alloca-
tion ratio, when a value obtained by subtracting the
target value of said state quantity of said first power
storage device from said state quantity of said first power
storage device has a negative value and a value obtained
by subtracting the target value of said state quantity of
the second power storage device connected to said sec-
ond converter by means of said switching device from
said state quantity of the second power storage device
has a positive value,

said second electric power allocation ratio 1s calculated
such that said second power storage device alone con-
nected to said second converter discharges when electric
power 1s supplied from said power supply system to said
drive force generation portion, and

said second electric power allocation ratio 1s calculated
such that said first power storage device alone 1s charged
when electric power 1s supplied from said drive force
generation portion to said power supply system.

17. The method of controlling a power supply system

according to claim 11, wherein

in said step of controlling said first and second converters,
said first converter 1s controlled such that a voltage on
said power line 1s adjusted to a prescribed target voltage,
and said second converter 1s controlled such that charge
and discharge of the second power storage device con-
nected to said second converter 1s adjusted to a pre-
scribed target amount.
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